Abstract-Following in the steps of the gas industry, the traditional paradigm of the vertically integrated electric utility structure has begun to change. In the United States, the Federal Energy Regulatory Commission (FERC) has issued several rules and Notices of Proposed Rulemaking (NOPR) to set the road map for the deregulation of the utility industry. The crisis in California has drawn great attention and sparked intense discussion within the utility industry. One general conclusion is to rejuvenate the idea of integrated resource planning and promote the distributed generation via traditional or renewable generation facilities for the deregulated utility systems. Fuel cell and photovoltaic are the most promising renewable generation technologies for residential and small commercial users. It is desirable for these facilities to be interconnected with the utility grid to perform peak shaving, demand reduction, and to serve as emergency and standby power supply. However, the mismatch between the utility tie protection and the equipment protection makes it impossible to use fuel cell and/or photovoltaic as emergency and standby power system. This paper discusses the development of an integrated high-speed intelligent utility tie monitoring, control, and protection system for residential and small commercial disbursed/renewable generation facilities.
INTRODUCTION
NDER the restructuring phase of the electric power industry, the traditional vertically integrated utility environment is inevitably being changed. The power system operation will become more competitive and many challenges will arise [1] . After experiencing the price hikes and rotating blackouts in California, the disbursed or distributed generation (DG) via renewable generation facilities are considered as one of the best alternatives for future utility industry. In addition to the development of large-scale wind generations at remote sites, fuel cell and photovoltaic are the most promising technologies for urban residential and small commercial users. For economic and reliability purposes, it is desirable for these facilities to be interconnected with the utility grid to perform peak shaving, demand reduction, and to serve as emergency and standby power supply [2] . However, there are coordination mismatches between the local renewable power facility and the utility supply when a nearby external fault occurs in the system.
Many of the interconnection requirements in Texas were developed for non-export system; the DG does not send power to the utility across the point of common coupling [3] . Fig. 1 shows the system with fuel cell as an example of a renewable power supply. The fuel cell is equipped with high speed power electronics disconnecting mechanism whereas the operation speed of the tiebreaker is 10 cycles or more. If an external fault happens, breaker B1 will shut down the fuel cell immediately and separate it from the system. The breaker B2 will then operate to isolate the fault. As a result, the user lost both power supplies. In other words, the fuel cell is not able to serve as emergency and standby power supply.
This paper discusses the development of an integrated high-speed intelligent utility tie unit (IUT) to monitor, control, and protect the system for residential and small commercial users and enable the disbursed/renewable generation facilities to serve as emergency and standby power supply. The function description of IUT is presented with computer simulation to test the proposed algorithm. 
INTELLIGENT UTILITY TIE UNIT
The proposed IUT will replace the traditional tiebreaker to act as a smart coordinator between the fuel cell and the utility supply. The operating principles are as follows. Operating principle for external fault When an external fault occurs, the IUT will first identify an nearby external fault by analyzing the voltage and current sensor signals. Then it will initiate a trip signal immediately to separate the utility supply and the local system. This will consequently prevent the fuel cell from tripping. In the mean time, the utility monitor will isolate the source of the external fault and eventually the external fault will be cleared and service will be restored. Finally, the IUT senses that the utility is backed up again and will reconnect the customer back to the system.
Operating principle for internal fault
When an internal fault occurs, the protection mechanism with the fuel cell will trip to protect the fuel cell. The fuel cell can be reconnected after the fault is cleared. In this case, the IUT performs coordination tasks as a normal tiebreaker.
FUNCTION DESCRIPTION OF IUT

Hardware Configuration
IUT hardware consists of four subsystems as shown in Fig. 2 .
Voltage and current sensing devices
High-speed Hall-Effect sensors will be used for monitoring the system voltage and current. The response time of these sensors are 5-20 µs. High-speed sensing is critical for protection because the separation of system during nearby external faults should be faster than the speed of built-in protection within the fuel cell. The target operation speed of the IUT for external fault is 8 ms.
Signal conditioning circuit
Voltage and current signal are contaminated during fault conditions. It is necessary to use signal conditioning circuit to isolate disturbances and extract desired information for fast and correct decision making. Analog filters will be employed to filter out disturbances and measurement noise. Later, the signal will be filtered further through digital filtering algorithm.
Embedded control processor
The embedded control processor is the brain of the IUT. It acquires input signals from the signal conditioning circuit, then analyzes and sends out the control signal for the tripping unit. A floating-point DSP TMS320C6713 DSP is chosen to process the system. The cycle time of this processor is 4.44 ns.
Tripping unit
Insulated Gate Bipolar Transistor (IGBT) has been selected as a tripping unit [4] . Its switching time is 0.4 µs to turn on and 0.8 µs to turn off. The IGBT tripping unit as shown in Fig. 3 acts as an ac switch. During each half cycle, one IGBT and a free-wheeling diode of the opposite IGBT are conducted. For example in positive half cycle, the current flows through IGBT1 and diode D2 to load. This ac switch is controlled by a gate-to-emitter voltage (V GE ) of each IGBT.
In order to handle a high current for an internal fault, two IGBT ac switches are needed to be connected in parallel with a reactor to limit the fault current [5] as depicted in Fig. 4 . The IGBT switch 1 is normally on and the IGBT switch 2 is normally off. For external fault, the embedded control processor sends the control signal to turn off IGBT switch 1 within half cycle; IGBT switch 2 remains off. When the external fault is cleared, IGBT switch 1 will be turned on again. For internal fault, IGBT switch 1 is turned off immediately by a short-circuit protection of the IGBT and then turn on IGBT switch 2 for ten cycles to coordinate with the protection of the fuel cell. When the internal fault is cleared, IGBT switch 1 will be turned on and IGBT switch 2 will be turned off. 
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Software Functions
The functions of the software in the embedded control processor are to detect and determine the fault type as soon as possible. Amplitude and phase of a sinusoidal signal have been estimated for fault detection and identification by using weighted least square method [6] - [8] with addition of decaying dc term [9] .
Weighted least square estimation
If a sinusoidal signal with a decaying dc component in a power system is defined as By using Taylor series expansion of the first two terms of the decaying dc component, we can get
We can write in matrix form as
where
By applying the weighted least square error criterion ( )
with a forgetting factor 1 < λ , the estimate of
The initial conditions are
The estimates of amplitude and phase of the sinusoidal signal can be computed as
The fault can be detected from the step change of the current signal by using
where ] [n i is the current signal, i θ is the estimate of θ of the current signal, and ε is a threshold value.
After the fault has been detected, the covariance matrix will be reset to the initial condition [6] . The fault can be identified by using the amplitude estimation of the current signal i Â , the phase estimation of the current signal i φˆ, and the phase estimation of the voltage signal v φˆ as follows.
If threshold i A A ≥
, it is an internal fault. 
If
SIMULATION RESULTS
The system is simulated by using the Alternative Transient Program (ATP) of the Electromagnetic Transient Program (EMTP) with sampling rate of 16 samples/cycle. The 7-kVA fuel cell is considered as a constant current source of 58.33 A. Each load is 10 kVA with pf 0.95. I DG , I load , and I tie unit lag V load ≈ °3 . 17 as shown in Fig. 6 . I DG = 81 A peak , I load = 114 A peak , I tie unit = 33 A peak , and V load = 170 A peak in normal condition.
The internal fault F1 and external fault F2 to F4 are simulated with different inception angles. Some of the load voltages and the tie unit currents in one inception angle are shown in Fig. 7 and 8 when the fault starts from t=0.1 s and stops at t=0.2 s. From Fig. 7 and 8, when a solid ground fault occurs at F1, the voltage drops to zero while the current jumps up to 4956 A peak . The IGBT switch cannot tolerate this high fault current. Therefore, the parallel connection with a reactor is necessary as we described in Fig. 4 . For the external fault at F2, the voltage has fallen to 93 V peak while the current has risen to 50 A peak in the negative cycle. The results for the external fault at F3 are similar to those at F2. For the external fault at F4, the voltage has decreased to 2 V peak while the current has increased to 105 A peak in the negative cycle. It can be seen that the fault current for external fault is much less than the internal fault. We can also observe that there is a decaying dc component when the fault took place at different angles of sine wave. In order to estimate the phase difference between voltage and current during fault, the pre-fault voltage is applied. The estimations of amplitude current and phase difference between voltage and current are shown in Table 1 to 6. The shadowed area shows the definite identification point of the estimation scheme. In each case, the fault can be detected at the moment it happened, which means we can detect the fault with minimum delay.
By setting A threshold = 200, the internal fault can be identified with two samples delay for all cases as seen from Table 1 , 3, and 5. For external fault, we can also identify the fault within two samples for all cases as shown in Table 2 , 4, and 6. For more reliable identification, we can identify the fault with longer delay. However, since our target response time for external faults is less than 8 ms (< 8 samples), the tradeoff between speed and accuracy may be needed for the fault identification.
CONCLUSION
This paper discusses the development of the integrated high-speed intelligent utility tie monitoring, control, and protection system for residential and small commercial disbursed/renewable generation facilities. The function description that composes of hardware configuration and software functions is presented to solve the coordination problem between the utility tie protection and the DG protection to enable them to be served as emergency and standby power supply. The fault detection and identification algorithm have been tested with computer simulation. The results show that the fault can be detected and identified in less than half cycle with the tradeoff between speed and accuracy. 
